Uptake of [3H]thymidine by serum-starved baby hamster kidney cells infected with herpes simplex virus type 2 was investigated by light microscopic and electron microscopic autoradiography. The distribution of incorporated label altered throughout the period of viral DNA synthesis. It was restricted initially to a few well-defined sites within the nucleus which increased in size and spread as infection proceeded until the entire nucleus was involved. The label was not associated with any identifiable subnuclear structure although there was a high degree of association with the nuclear membrane at early times post-infection. t Present address:
Herpes simplex virus (HSV) DNA synthesis takes place entirely within the nucleus of infected cells. Light microscopic autoradiography of cells labelled from 23 to 24 h post-infection showed that the entire nuclear volume was involved, with the exception of the marginated chromatin (Munk & Sauer, 1964) . Roizman (1969) obtained similar results from electron microscopic autoradiographic studies on cells labelled for 15 min at 4 h post-infection, and showed that the incorporated label was not associated with any identifiable sub-nuclear structure. More recently, Luetzeler & Heine (1978) have studied the morphological changes that occur following infection with HSV-1. At very late times (24 to 72 h post-infection) they observed that labelled virus DNA was strongly associated with bundles of tightly packed filaments within the nucleus of infected cells.
Autoradiographic examination of labelled HSV DNA in infected cells is greatly simplified if the background of host cell DNA synthesis can be removed or diminished. Serum starvation of baby hamster kidney (BHK-21/C 13) cells over a 7 day period reduces the level of DNA synthesis to less than 1% of that in exponentially growing cells (Howard et al., 1974) . Moreover, residual cellular DNA synthesis declines even further following infection with HSV-2 (data not shown).
All the experiments described below were performed in such 'resting' BHK cells.
Linbro trays containing clean, sterile, glass coverslips, were seeded at a density of 5 x 104 cells/well in Eagle's medium supplemented with tryptose phosphate and 10% (v/v) calf serum. After 24 h the cells were washed and grown for a further 7 days in Eagle's medium plus 1% (v/v) calf serum. HSV-2 (strain HG52) was added, at 5 p.f.u./cell, for 1 h, after which the inoculum was removed and replaced with 0.2 ml of the original 'resting' cell medium. Ten ~tCi of [3H]thymidine (23 Ci/mmol) was added for 2 h periods at 2 h intervals commencing 1 h postinfection. For shorter (10 or 15 min) labels, 40 ~tCi of [3H]thymidine was added. Cells were fixed by placing the coverslips in either 5% trichloroacetic acid for 10 min at 0 °C or 2-5% glutaraldehyde in phosphate-buffered saline for 20 min at room temperature. The coverslips were then attached to a microscope slide, coated with Ilford K2 emulsion and stored at 4 °C (typically 2 weeks for samples labelled 2 h, 12 weeks for samples labelled 15 min). After photographic developing, the cells were stained for 1 min in a 5 % (v/v) solution of filtered to 9 h; a reticulate pattern of incorporation covering substantial portions of the nuclei is becoming apparent. (e) 9 to 11 h; incorporation is largely uniform over the entire nucleus, although some less advanced stages are still apparent. The rounded shape of the cell shown in the inset, with the nucleus displaced to one side, is typical of certain cells at this time. The proportion of such cells increases markedly at later times. (f) Cells labelled for 15 min at 5 h post-infection. The pattern of labelling resembles that in (b).
Giemsa stain. For each experiment the time course of D N A synthesis was determined directly by measuring the total incorporation of [3H]thymidine into infected cells. Virus D N A synthesis commenced between 3 and 5 h and increased to a peak between 9 and 11 h after infection. Autoradiographic examination revealed that cells labelled from 1 to 3 h post-infection were indistinguishable from labelled mock-infected cells, confirming that virus D N A synthesis had not commenced at this time (Fig. 1 a) . Between 3 and 5 h over 8 0~ of the HSV-2-infected cells had incorporated significant amounts of [3H]thymidine (Table 1) , showing that infection was synchronous and that most of the resting cells were capable of supporting virus D N A synthesis. The incorporated label was highly localized in discrete 'sites' (Fig. 1 b) which varied in number from one to ten or more per nucleus with an average of four. The 'sites' appeared to be preferentially located towards the periphery of the nucleus but the two-dimensional nature of the technique made this interpretation uncertain. Between 5 and 7 h after infection, the 'sites' of incorporation had largely coalesced to form linear and irregular regions of labelling ( Fig. 1 c) which by 7 to 9 h had expanded to form an irregular network covering the entire nucleus ( Fig.  1 d) . By 11 h, when D N A synthesis was maximal, the nucleus was uniformly occluded by silver grains (Fig. 1 e ). While the patterns described were the predominant ones, there was a smooth transition from one stage to the next with patterns belonging to more than one class present at each point.
Due to the long labelling periods used in these experiments, the silver grains indicate the presence of accumulations of labelled HSV DNA which may not represent the locations of DNA synthesis. Therefore, autoradiography was carried out on cells labelled for 10 or 15 min at 2 h intervals post-infection: i.e. at 3, 5, 7, 9 and 11 h. At each time point, the pattern of incorporation was identical to that described for cells labelled for 2 h periods at equivalent times post-infection (e.g. Fig. I f) . This result suggests that the accumulations of silver grains resulting from long labelling periods do reflect the locations of virus DNA synthesis in these cells.
The use of 'resting' cells, which permitted autoradiographic observation of events at very early stages in the HSV-2 infectious cycle, revealed labelling patterns very different from those described by Munk & Sauer (1964) . Thus, DNA synthesis was not restricted to the central region of the nucleus but was concentrated around the nuclear periphery. These differences are unlikely to reflect virus strain differences, since the labelling patterns seen in HSV-l-infected 'resting' cells were identical to those for HSV-2 (data not shown). They are probably a consequence of the limited observation period of the Munk and Sauer study which was restricted to late times after infection (23 to 24 h).
To extend our autoradiographic studies and determine whether the label was associated with any particular sub-nuclear component, autoradiography was performed on thin sections prepared for electron microscopy. For each time point, a 90 mm plate of'resting' BHK cells was prepared. The infection and labelling procedures were similar to those described for light microscopy. The virus inoculum was applied in 0-5 ml of medium, and 40 ~tCi of [3H]thymidine (59 Ci/mmol), in 4 ml of medium, was added for 2 h periods. As an internal control, each plate of cells contained two glass coverslips which were removed and prepared for light microscopic autoradiography. Since the patterns of labelling in these control samples were identical to those described above, the light and electron microscopic observations may be compared directly.
Examination of cells labelled from 3 to 5 h post-infection revealed that only 50~ of sections exhibited grains (Table 1) . This was much lower than observed by light microscopy, presumably because the regions of labelling occupied only a small fraction of the nuclear volume at this early stage of infection. The number both of labelled sections and grains per section increased as infection proceeded and more of the nuclear volume incorporated label. Silver grains were distributed over the whole nucleus with the exception of the nucleolus (Fig. 2a,b) . However, their distribution changed as infection proceeded. The proportion of grains overlying the nuclear membrane was highest at early times and decreased at later times, although the absolute number overlying the nuclear membrane increased (Table 1) . This confirmed the impression gained from light microscopy, that labelled sites are located predominantly around the nuclear periphery at early stages of infection.
A small number of sections from late times after infection (11 h) exhibited very heavy condensation and margination of chromatin and in these sections the silver grains were associated almost exclusively with the chromatin (Fig. 2 c) . The low abundance of these grains suggests that these sections may be derived from the residual non-resting cells. The presence of to 11 h post-infection. The silver grains are found throughout the nucleus in regions other than the nucleolus. (c) A section of a cell with densely marginated chromatin. This sample was labelled from 9 to 11 h and the silver grains are strongly associated with the chromatin. Samples were prepared for electron microscopy essentially as described by Atkinson et al. (1978) . Ilford L4 emulsion was applied by the loop method of Caro & van Tubergen (1962) . N, Nucleolus. Bar markers represent 1 ~tm.
virus capsids confirmed that these were infected cells but whether the silver grains indicate virus or host cell D N A is not known.
Light microscopic autoradiography revealed that the regions o f incorporation possessed a considerable degree of structural integrity since the pattern of incorporation following 10 m i n and 15 min labels resembled that of longer labelling periods. Thus, during the 2 h labelling period, the newly synthesized DNA had not moved from its site of synthesis. Furthermore, the spread of incorporation at later times appeared to be due to extension and fusion of existing labelling sites rather than to a generalized spread which might be expected if DNA had moved rapidly away from its initial location, before or during synthesis. The integrity of the regions of incorporation is unlikely to be due to localization of virus DNA synthesis within a discrete physical entity, as neither this study nor that of Roizman (1969) revealed any association between HSV DNA synthesis and a recognizable morphological structure. Although Hay & Hay (1981) reported HSV DNA synthesis in isolated chromatin preparations, the present and earlier studies have shown no preferential association between replicating HSV DNA and chromatin. Indeed, a number of autoradiographic studies have reported that virus DNA synthesis is specifically excluded from the marginated chromatin. However, association of HSV DNA synthesis with such a 'solid' support could account for the structural integrity of the regions of labelling. It has recently been shown that both papovavirus (Buckler-White et al., 1980) and adenovirus (Younghusband & Maundrell, 1982) DNA synthesis are associated with the nuclear matrix. It has also been reported that the nuclear matrix is involved in the formation of HSV capsids or in the encapsidation process (Bibor-Hardy et al., 1982) . The nuclear matrix may therefore provide a framework on which both synthesis and encapsidation of HSV DNA could occur. Such a suggestion should prove amenable to study by the techniques used to examine interaction between the nuclear matrix and other virus DNAs.
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